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1 Introduction

In a time when renewable energy sources are gaining increasing prominence and communi-
ties seek to reduce their carbon footprint, collective self-consumption represents a fundamen-
tal transformation in the way individuals and communities access and use energy, offering a
sustainable, economically viable, and environmentally friendly alternative to traditional en-
ergy distribution models [2]. Energy management under collective self-consumption empowers
groups of individuals, neighborhoods, or even entire communities to unite and jointly harness,
generate, and distribute locally produced renewable energy. It offers numerous advantages, in-
cluding a reduced reliance on fossil fuels, lowered energy costs for participants, and decreased
stress on the grid. Furthermore, this approach fosters a sense of ownership and environmen-
tal responsibility among participants, thereby strengthening the sense of community as they
collaboratively embrace the energy transition [1, 3].

An essential aspect within self-consumption communities is the distribution of the generated
energy, which becomes the responsibility of the legal entity managing the community. This
entity must communicate the distribution of the electricity generated to the distribution sys-
tem operator (DSO) [1]. For most of these communities, their operation can be divided into
two major systems: a technical system and an economic system. The technical system must
account for the actual distribution of energy, while the economic system considers the mone-
tary distribution that occurs after the energy has been processed. Consequently, the financial
balance of each participant depends on the distribution rules selected for the operation [4].

This work aims at incorporating fairness aspects for the allocation of green energy in collec-
tive self-consumption context.

2 Problem Statement

We study a microgrid composed of a set of J smart homes, a shared renewable distributed
energy resource (DER) as a photovoltaic panel (PV), a common energy storage system (ESS)
and a connection to the main power grid. Each house has an energy demand to satisfy over a
discrete planning horizon. The demand can be satisfied either by using the DER, the battery,
or by procuring electricity from the main power grid. Energy excess can be stored in the battery
or sold back to the main grid. The battery has a charge and discharge efficiency, i.e. energy
is lost when charging and discharging the battery. The objective is to find a supply plan that
provides a fair allocation of renewable energy while minimizing the total cost of the microgrid.
There is a manager, who may or may not be a physical person, in charge of managing the
photovoltaic energy. This manager must report every 15 minutes the distribution of PV to the
DSO, who is then in charge of issuing the bills for each user.



To address this problem, we propose a MILP model, where the daily cost is minimized by
selecting the electricity output from the PV panel to each house as well as from the ESS, and
the main grid. It also selects the electricity that each house stores in the ESS, and the amount
of electricity that each house sells to the main grid. We study the complexity of this problem
by proving its equivalence to a min cost flow problem.

Then, to address the fairness in the management of the shared DER, we introduce the fair
allocation rules, where an allocation can be defined as the vector composed of the resource
quantities allocated to each user. And, an allocation rule is the method used to calculate this
allocation. We present four well-known allocation rules from the literature and we propose an
implementation into our problem for each one. We also study the complexity of this problem
considering fair allocation rules.

3 Numerical Experiments
We evaluate the obtained predictive models using real instances with up to 7 houses and a
one-day time horizon with 15-minute time intervals. The data used for these instances are
sourced from E4C1 and pertains to a smart building located in France. We compare the
results obtained for the allocation rules, and for the model without fairness. We analyze the
autonomy of the microgrid, by studying the percentage of the demand that can be satisfied
with the allocated PV energy and the battery. We also study the use of the PV energy that is
allocated to each house, comparing it with the amount of electricity that is sold to the main
grid. We highlight the advantages and disadvantages of each allocation rule and its impact on
the building’s electricity bill.
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